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Abstract

Self-monitoring of blood glucose (SMBG) is an important adjunct to hemoglobin Alc (HbAlc) testing. This action
can distinguish between fasting, preprandial, and postprandial hyperglycemia; detect glycemic excursions;
identify and monitor resolution of hypoglycemia; and provide immediate feedback to patients about the effect
of food choices, activity, and medication on glycemic control.

Pattern analysis is a systematic approach to identifying glycemic patterns within SMBG data and then taking
appropriate action based upon those results. The use of pattern analysis involves: (1) establishing pre- and
postprandial glucose targets; (2) obtaining data on glucose levels, carbohydrate intake, medication administration
(type, dosages, timing), activity levels and physical/emotional stress; (3) analyzing data to identify patterns
of glycemic excursions, assessing any influential factors, and implementing appropriate action(s); and
(4) performing ongoing SMBG to assess the impact of any therapeutic changes made.

Computer-based and paper-based data collection and management tools can be developed to perform pattern
analysis for identifying patterns in SMBG data. This approach to interpreting SMBG data facilitates rational
therapeutic adjustments in response to this information. Pattern analysis of SMBG data can be of equal or

greater value than measurement of HbAlc levels.
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Background

Diabetes is recognized by the World Health
Organization and the International Diabetes Federation
as a significant and growing health problem. In 2007, it
was estimated that there were 246 million adults with
diabetes throughout the world—an increase of more
than 52 million since 2003.! By 2025, the number of
adults with diabetes is expected to rise to 380 million.!
This is considered a conservative figure.

People with diabetes are at increased risk for developing
numerous complications, resulting in increased health
care costs. In many countries, people with diabetes have
a significantly decreased life expectancy,' and there is
a growing trend toward developing type 2 diabetes
mellitus (T2DM) at much earlier ages than before. Thus,
individuals and health care systems will be forced to
deal with the devastating complications for many years.
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With its severe complications and expensive treatments,
diabetes has a profound impact on the physical,
psychological, and financial well-being of individuals,
their families, and our society.

Importance of Effective Diabetes
Management and Overall Glucose Control

Large, randomized, controlled trials have clearly
demonstrated a causal relationship between poor
glycemic control and the development of microvascular
disease.”® The link between effective diabetes
management and reduced macrovascular disease has
also been established*> Studies by Gaede and colleagues
showed that intensive management of all risk factors,
including elevated lipids, blood pressure, and glycemia,
had significant beneficial effects on cardiovascular-
related deaths.® This intensive therapy was also found to
be cost-effective.”

Thus, all appropriate components of care (medical
nutrition therapy, physical activity, weight loss regimens,
pharmacologic interventions) should be implemented
aggressively at the time of diagnosis® Clinicians should
persistently monitor and titrate pharmacologic therapy
until all glycemic goals are achieved.®

Importance of Addressing Postprandial
Hyperglycemia

Although the current goal of diabetes therapy is to
reduce time-averaged mean levels of hyperglycemia to
prevent diabetic complications, hemoglobin Alc (HbAlc)
only explains less than 25% of the variation in risk of
developing complications® Postprandial hyperglycemia
is now recognized as a significant risk factor for
macrovascular disease, independent of HbAlc.!

Large epidemiological studies have shown a strong
association between postprandial/postchallenge glycemia
and cardiovascular risk and outcomes!*™ A growing
body of evidence also shows a causal relationship
between postprandial hyperglycemia and oxidative
stress,'® carotid IMT,!® and endothelial dysfunction,'”!8 all
of which are known markers of cardiovascular disease.

Although treating both fasting and postprandial
hyperglycemia is important for achieving optimal
glycemic control, only treatment with agents that
specifically address postprandial glucose has been
shown to reduce vascular events. A meta-analysis by

Hanefeld and colleagues? revealed significant positive
trends in risk reduction for all selected cardiovascular
event categories with patients treated with acarbose,
an o-glucosidase inhibitor that specifically reduces
postprandial glucose. Significant positive effects of
postprandial glucose control have also been reported in
patients treated with repaglinide, a rapid-acting insulin
secretagogue that targets postprandial glucose.?

Several mechanisms are related to vascular damage.
Numerous studies support the hypothesis of a causal
relationship between hyperglycemia and oxidative
stress.”?1"% Current thinking proposes that hyperglycemia,
free fatty acids, and insulin resistance feed into oxidative
stress, protein kinase-C (PKC) activation, and advanced
glycated end-product receptor (RAGE) activation, leading
to vasoconstriction, inflammation, and thrombosis.?
Oxidative stress has been implicated as the underlying
cause of both the macrovascular and microvascular
complications associated with T2DM.?-%

Monnier and colleagues® found that glucose fluctuations
during postprandial periods and, more generally, during
glucose swings exhibit a more specific triggering effect
on oxidative stress than chronic sustained hyperglycemia.
An earlier study by Schiekofer et al®' demonstrated that
glycemic variability promotes numerous steps in the
inflammatory process. Most recently, EI-Osta and
colleagues’ demonstrated that transient hyperglycemic
“spikes” cause persistent atherogenic effects during
subsequent normoglycemia, thus providing additional
evidence in support of postprandial hyperglycemia as
an independent risk factor for diabetic complications.
These studies suggest that interventional trials in
T2DM should target not only HbAlc and mean glucose
concentrations but also acute glucose swings. Addressing
this metabolic abnormality is particularly important
because postprandial hyperglycemia occurs frequently
in individuals with type 1 diabetes mellitus (T1IDM) and
T2DM*% and can occur even when overall metabolic
control appears to be adequate.’%

Although there is still some controversy regarding
postprandial glucose as an independent risk factor for
vascular disease, the International Diabetes Federation
guideline on postmeal glucose management provides
a comprehensive analysis of the issue, along with
the recommendation that postprandial glucose be
treated aggressively.!! Moreover, the argument for
managing postprandial glucose can be made simply by
acknowledging that postprandial glucose is a component
of HbAlc and, thus, must be treated.
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Value and Utility of Self-Monitoring of
Blood Glucose (SMBG)

Although HbAlc is perceived as the gold standard for
monitoring glycemic control and serves as a surrogate
for diabetes-related complications, it does not provide
information about day-to-day and intra-day changes
in glucose levels.¥” Self-monitoring of blood glucose
(SMBGQ) is an important adjunct to HbAlc because it can
distinguish among fasting, preprandial, and postprandial
hyperglycemia; detect glycemic excursions; identify
and assist in monitoring resolution of hypoglycemia;
and provide immediate feedback to patients about the
effects of food choices, activity, and medication on
glycemic control.¥’ HbAlc testing cannot make these
distinctions or provide this information. Thus, SMBG is
recognized as an important tool that guides glycemic
management strategies and has the potential to improve
problem-solving and decision-making skills for both
the person with diabetes and his or her health care
professional 83840

Studies have clearly demonstrated the value of SMBG
levels in the management of TIDM and insulin-treated
T2DM.2# Using the American Association of Clinical
Endocrinologists (AACE) road map* with the help
of SMBG, Lingvay and colleagues® showed that in
treatment-naive patients with high HbAlc levels,
metformin and insulin could achieve a normal HbAlc
in a period of just 3 months. Other studies like the
Treat-to-Target** and 1-2-3%° trials were able to achieve
the targets by titration of insulin dose based on SMBG.
Self-monitoring of blood glucose is also important in
managing diabetes during pregnancy; it has been shown
that intensive glycemic control significantly benefits fetal
outcomes.*6-50

Self-monitoring of blood glucose is recognized by leading
medical organizations as an important tool in diabetes
management, particularly in insulin-treated patients.3%!
However, some believe the utility of SMBG in non-
insulin-treated T2DM remains controversial.>>->’

Several studies involving non-insulin-treated T2DM
have shown that therapeutic management programs that
include structured SMBG use result in improved HbAlc
control compared to programs without SMBG.>*%-62
Findings from three meta-analyses”®*¢* revealed that
interventions that include SMBG levels result in an
HbAlc reduction of 0.40% compared with interventions
that do not include SMBG.” When extrapolated to

findings from the United Kingdom Prospective Diabetes
Study,® this decrease would be expected to reduce the risk
of microvascular complications by approximately 14%.

However, other studies have reported that SMBG has
questionable value in non-insulin-treated patients.>5%665-67
A study by Farmer and colleagues (DIGEM),>> which
followed 453 non-insulin-treated patients for a median
duration of 3 years, randomized patients into 3 groups:
(1) control (usual care); (2) less intensive SMBG (meter
training but no instruction for data interpretation); and
() intensive SMBG (meter training with instruction for
data interpretation and lifestyle modification). At the
end of the study, researchers reported that there were no
significant differences in improved HbAlc control among
the 3 groups. However, it has been suggested that failure
to show benefit from SMBG-use in non-insulin-treated
diabetes in this study and others % may stem from a
misapplication or misunderstanding of the true utility
of SMBG as a tool to guide therapy, rather than as an
independent therapeutic intervention.5>5%69

A key weakness of the DIGEM study was lack of
information on the use of SMBG data to make
pharmacologic treatment adjustments. Physicians would
review SMBG data only when tests results of blood
glucose were consistently >15 mmol/liter (270 mg/dl).
Whether physicians ever saw any SMBG data from study
subjects is unknown. In addition, the external validity
of the study may have been constrained by the “floor
effect” in that if levels of blood glucose are already
well-controlled at baseline, additional improvements in
HbAlc may be less easily achieved. According to the
United Kingdom Guidelines, which were used in the
study, “a target HbAlc should be set between 6.5% and
75% in patients with T2DM.””° Because at least half of
participants in all study groups were already at the
goal (mean HbAlc 7.49-7.53%), achieving significant
improvements in HbAlc would have been difficult.
Further, there is also the possibility that there was little or
no incentive to make changes in therapy to lower HbAlc.
There was also an apparent lack of use of pharmacologic
therapies that specifically target postprandial glucose,
which may have, in fact, improved HbAlc levels. It has
been demonstrated that the contribution of postprandial
glucose to HbAlc becomes increasingly predominant as
HbAlc falls below 8.4%.”' Another critical weakness of
the study was the significant lack of adherence in the
experimental groups; only 99 (67%) of the less intensive
group and 79 (52%) of the more intensive group actually
followed their prescribed SMBG regimens over the
course of the study.
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Also, the researchers failed to report important data
relevant to SMBG values or use of those values by
healthcare professionals. No data regarding SMBG
values for the overall average, fasting/preprandial, or
postprandial levels were provided. Thus, the frequency
and/or severity of hypoglycemia or acute hyperglycemia
(specifically, postprandial) is unknown. The researchers
also provided no data regarding the number of patients
whose SMBG results were reviewed by their physicians.
In addition, it is unknown whether any changes in
pharmacologic therapy were made by physicians
based upon SMBG. Other studies have shown similar
weaknesses.>

In summary, although many studies have reported
negative findings regarding SMBG wuse in non-insulin-
treated T2DM,% they have, in fact, simply demonstrated
that SMBG is valuable only when it is used effectively.
Optimal SMBG use requires that both patients and
health care professionals monitor, interpret and respond
appropriately to acute glucose excursions and patterns
of glycemia identified through SMBG.%%52% Table 1
presents proposed criteria for effective use of SMBG.

Table 1.

Proposed Criteria for Effective Use of SMBG®>

Use of SMBG may improve glycemic control in non-insulin-
treated T2DM subjects when the following criteria are met:

Subjects ® Possess the knowledge and ability to accurately

perform SMBG and accurately interpret their
testing data.

e Consistently use SMBG according to a
prescribed regimen that facilitates detection of
patterns of glycemic control.

® Possess the knowledge and ability to make
appropriate adjustments in their therapy.

e Consistently make appropriate adjustments as
needed.

e Consistently and accurately record their
test results and related events (manually or
electronically). If recorded electronically, the
patient must ensure that the meter is accurately
programmed (time and date) and that accurate
and complete event data are entered.

Healthcare
Professionals
(HCPs)

e Use therapies that adequately address all
parameters of glycemic control (fasting/
preprandial and postprandial glucose).

® Possess the knowledge and ability to accurately
interpret SMBG data.

® Possess the knowledge and ability to make
timely and appropriate adjustments in patient
therapy.

¢ Consistently monitor patient SMBG results and
make appropriate adjustments as needed, based
on the SMBG data.

Episodic, Intensive Use of SMBG

Frequent monitoring of blood glucose is recommended in
TIDM and insulin-treated T2DM. However, individuals
who are treated with diet, exercise and/or oral or non-
insulin injected (exenatide) antidiabetic medications
may not require daily SMBG; pre- and postprandial
testing on 2-3 days each week may be sufficient in
some cases. However, it is valuable for all patients to
perform intensive SMBG periodically to create data sets
that facilitate identification of glucose patterns that are
reflective of daily glycemic control.® For example, patients
may use a 7-point SMBG regimen, testing before and
after each meal and at bedtime, over the course of 3 to
7 days. Or, patients may use a “staggered” regimen, testing
before and after alternating meals (e.g., pre- and post-
breakfast on Monday, pre- and post-lunch on Tuesday,
etc), over a 2- to 3-week period.¥”? By staggering SMBG
measurements at different times on different days,
patients can generate an accurate portrait of day-to-day
glycemic excursions while avoiding the need to test
many times in a single day.

There are several situations in which intensive, episodic
(short-term) SMBG can be beneficial to this patient
group. These situations include times when patients:
(1) have symptoms of hypoglycemia; (2) are undergoing
adjustment in medication, nutrition, and/or physical
activity; or (3) experience worsening HbAlc values. The
AACE recommends episodic, intensive monitoring by
patients with T2DM as a means to obtain comprehensive
preprandial ~and  2-hour  postprandial  glucose
measurements periodically and before clinician visits to
guide adjustments in diabetes management.®

Pattern Analysis: Effective Use of SMBG
Data

The key to effective use of SMBG in clinical practice
is “pattern analysis,” regardless of the monitoring
regimen.” Pattern analysis is a systematic approach
to identifying glycemic patterns within SMBG data
and then taking appropriate action based upon those
results.”” Using pattern analysis involves: (1) establishing
pre- and postprandial glucose targets; (2) obtaining
data on glucose levels, carbohydrate intake, medication
administration (type, dosage, timing), activity levels, and
physical/emotional stress; (3) analyzing data to identify
patterns of glycemic excursions and assessing any
influential factors; (4) implementing appropriate action(s);
and (5) performing ongoing SMBG to assess the impact
of any therapeutic changes made.”
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Although clinicians have used pattern analysis in diabetes
treatment since the early 1980s, only recently have studies
looked at the impact of this approach on key clinical
outcomes. A study by Cho and colleagues investigated
the long-term effectiveness of an Internetbased glucose
monitoring system (IBGMS) on glucose control in
patients with T2DM.™ Patients in the intervention group
logged onto a Website (www.biodang.com) at their
convenience and uploaded their glucose levels (SMBG
results). Patients were contacted by a clinician if there
was a need to change medication or initiate lifestyle
changes. Other information, such as current medication,
weight, and blood pressure were also uploaded. At the
end of 30 months, mean HbAlc in the intervention group
was significantly lower than in patients who received
conventional care (HbAlc [mean +standard deviation],
6.9+ 0.9% vs 75+ 1.0%, p =.009).

Another study looked at the use of pattern analysis to
predict severe hypoglycemia in patients with diabetes.”
The study followed 100 patients with TIDM (6 months)
and 79 insulin-using patients with T2DM (4 months),
during which time the patients’ routine SMBG readings
were downloaded from blood glucose meter memory.
At 2-week intervals, patients reported occurrences of
severe hypoglycemia, including the date and time of each
occurrence. Analysis of the SMBG data and patient
reports revealed that the clearest indicator of impending
severe hypoglycemia was a significant increase in
the relative risk for hypoglycemia as measured by
the low blood glucose index, a proven mathematical
calculation that provides an accurate assessment of
severe hypoglycemia risk based upon SMBG data.”
The researchers concluded that severe hypoglycemia often
follows a specific blood glucose fluctuation pattern that
is identifiable from SMBG, which makes prediction of
severe hypoglycemia possible. The ability to predict
probable episodes of severe hypoglycemia based on blood
glucose meter data has important clinical implications for
helping patients avoid significant health consequences.

Although some may argue that fasting/preprandial
blood glucose monitoring is sufficient for generating
meaningful patterns of glycemic control, this is not the
case; measuring only fasting/preprandial glucose cannot
provide information about the timing, frequency, and/or
degree of glucose excursions throughout the day, which
is the whole point of pattern analysis. One cannot exclude
postprandial testing from the regimen, particularly
if one accepts that postprandial hyperglycemia is

an independent risk factor for vascular disease.

As demonstrated by Monnier”! the influence of
postprandial glucose becomes even more significant at
lower HbAlc levels.

Moreover, the International Diabetes Federation is
circulating a report that includes recommendations
for the use of SMBG in non-insulin-treated T2DM.
A key component of these recommendations is the value
and utility of SMBG as a means of educating and motivating
patients. Understanding how various foods, food portions,
exercise, and other activities impact glucose levels is
essential to an individual’s willingness and ability to
adopt healthy diabetes-related behaviors. Postprandial
glucose testing is essential to obtaining this understanding.

SMBG Data Formats

Most blood glucose meters can be used in tandem
with software programs that allow downloading of
blood glucose data into a wide variety of formats,
which facilitate the clinician’s ability to easily track
and address glycemic trends. Formats offered by these
software programs typically include: (1) an “electronic
logbook” that lists blood glucose readings by date and
time; (2) statistical summaries of average blood glucose
values, number of tests performed, proportion of
glucose levels above, below, and within the target range,
frequency of testing by day of the week, and by time
period within a given day, and the standard deviations,
indicating glycemic variability, for specified time periods.
Information is also presented in histograms, pie charts,
and a modal day/week (a graphic that plots blood
glucose values against a single 24-hour or 7-day period)
(see Figure 1). One data management tool also provides
information about patient risk for hypoglycemia and
hyperglycemia using blood glucose risk indices.
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Figure 1. Day graph (modal day) from electronic data management
tool. The graph provides detailed information on the blood glucose
values and helps define the degree of glucose exposure and glucose
variability over the reported time period. The blue boxes represent
the standard deviation on mean blood glucose values, reflecting the
glycemic variability.

J Diabetes Sci Technol Vol 3, Issue 3, May 2009 504

www.journalofdst.org



Value of Self-Monitoring Blood Glucose Pattern Analysis in Improving Diabetes Outcomes

The blood glucose risk indices capture the frequency
and extent of the blood glucose fluctuations in a single
number.”” For example, the low blood glucose index
will be higher for subjects with a higher percentage of
low blood glucose readings or who have more extreme
hypoglycemic episodes. The high blood glucose index
works in the same manner, indicating the frequency
and/or extent of hyperglycemia.

With their ability to synthesize numerous test results
into a wide variety of formats, blood glucose data
management programs enable the clinician, patient, and
other members of the management team to set goals,
monitor progress from one clinic visit to another, identify
problems, and evaluate interventions.”® However, because
some blood glucose meters are limited in their ability to
capture other key data (e.g, nutritional intake, physical
activity, medication administration, stress levels, illness),
clinicians are encouraged to use downloaded SMBG
data in conjunction with written records in logbooks to
evaluate glucose patterns and formulate more precise
and efficacious therapeutic regimens.”® It is important to
note that there are additional barriers to downloading
SMBG data, such as incompatible software programs
provided by the various manufacturers. Also, there is
the issue of reimbursement for time spent downloading
and interpreting data.

Although much of the focus has been on glucose data
management software, new paper-based tools have also
been developed to address clinical situations where
computer-based pattern analysis is not desirable or
practical. One such tool, the Accu-Chek® 360° View blood
glucose analysis system (Roche, Indianapolis, IN), collects
three consecutive seven-point daily profiles, along with
information about meal sizes and energy levels (Figure 2).
An evaluation of the tool was conducted to determine
if patients with T2DM could use and learn from the
system.” The evaluation showed that participants were
willing and able to accurately complete 21 tests over 3
days of intensive blood glucose monitoring. Participants
recorded blood glucose data with an average accuracy
rate of 96%. Ninety percent of the participants indicated
their willingness to repeat the monitoring on a quarterly
basis, if asked to do so by their physician.

This tool was also evaluated as part of an exploratory
study that was conducted to determine whether primary
care physicians could effectively use simple data collection
tools to accurately identify glycemic abnormalities in
episodic, intensive SMBG data from participants with
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Figure 2. Accu-Chek® 360° View blood glucose analysis system.
The form is used to create a seven-point glucose profile over 3 days.
Space is provided to plot and visualize blood glucose results.
Guidelines on the form (rows highlighted in yellow) indicate pre-
or postprandial blood glucose target ranges and ranges considered too
high or low. Additional space is provided at the bottom to allow
individuals to document what they learned from their testing.

non-insulin-treated T2DM, and whether use of these
SMBG data would influence their therapeutic decisions.®
In the study, 23 case studies demonstrating several
glycemic states (normoglycemia, elevated fasting glucose,
elevated postprandial glucose, elevated glucose at all
times, and hypoglycemia) were presented to 61 primary
care physicians who evaluated the cases based upon
HbAlc data alone, and then in combination with SMBG
data. Participants were to identify the specific glucose
pattern, determine the necessity for therapy change,
and select specific therapeutic changes. Participant
assessments were compared with assessments made by a
panel of diabetes care specialists. The study showed that
78% of the participants identified the same primary blood
glucose feature identified by the diabetes specialists;
93.8% agreed with the diabetes care specialists regarding
the need for therapy modification. The majority (77 %)
of participants changed the way they would manage the
case after evaluating case studies with SMBG data made
available to them. Overall, 86% of participants considered
the SMBG data to be of equal or greater value than the
HbAlc data; 71% of participants strongly agreed that
they are now more likely to recommend episodic, high-
frequency SMBG to their non-insulin-treated T2DM
patients. A large, randomized clinical trial (NCT00674986)
is currently underway to determine the impact of
episodic, intensive SMBG monitoring on glycemic control
in actual primary care practice.?!
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Conclusion

Diabetes is a significant and growing worldwide
health concern.! Uncontrolled diabetes is associated
with debilitating microvascular and macrovascular
complications.>® Intensive management of glycemia
and other risk factors has been shown to reduce the
development and/or progression of microvascular and
macrovascular complications.>*¢

1

The HbAlc test is valuable in assessing long-term
glycemic control; however, it does not provide
information about day-to-day changes in glucose levels.
SMBG has been shown to be an important component
of diabetes management through its ability to detect acute
complications and assess intra-day glucose excursions.”
This is particularly important in light of studies that have
shown postprandial hyperglycemia to be a risk factor
for disease, independent of HbAlc
levels.

macrovascular
12-14

Pattern analysis is a systematic approach to identifying
glycemic patterns within SMBG data and then taking
appropriate action based upon those results3! The
availability of computer-based and paper-based data
collection and management tools facilitates more robust
and efficient use of SMBG data, allowing clinicians and
patients to quickly identify glycemic patterns and make
more informed decisions about therapeutic adjustments
that may be required.
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